Study design: A retrospective analysis. Objectives: To examine the natural history of renal scarring in the spinal cord injured population. Setting: United Kingdom. Methods: All spinal cord injured patients with renal scars at our establishment were considered eligible. A total of 27 patients with renal scars were identified. No patient had renal scarring at presentation on radiological imaging. All patients had annual renal imaging with a mean follow up period of 19.1 years. The presence of new scars was considered as evidence of progression. Results: In all, 59% of kidneys developed renal scars with a mean time interval between spinal injury and renal scar development of 13 years. Of these kidneys with scars, only 15.6% demonstrated progression of the scarring process. There were no deaths due to renal causes. Conclusion: The aetiology of renal scarring is multifactorial. The findings of this study suggest that renal scarring in the spinal cord injured population is predominantly a nonprogressive process once a scar has developed. This is in concordance with the belief that renal scarring in the paediatric population with vesicoureteric reflux is also a stable, nonprogressive process.
Introduction
The management of the bladder sequelae of spinal cord injury (SCI) continues to be a controversial issue. The main options consist of clean intermittent catheterization (CIC), continuous bladder drainage via an indwelling urethral catheter or suprapubic catheter, sphincterotomy with condom catheter or urinary diversion. The choice of bladder management is determined by the objective urodynamics of the bladder, patient mobility, ability to perform CIC and various other parameters. Over the last 3-4 years, the management of the lower urinary tract has been based on the belief that the maintenance of a low residual urine volume in the bladder leads to a low pressure bladder system, which in turn reduces the risk of renal injury and deterioration in function. However, studies performed as early as the 1950s have found that chronic renal inflammation can be demonstrated in 65-95% of SCI patients with long term indwelling catheters at post-mortem examinations. 1 Much more recently, it has been shown that chronic catheterization in SCI patients seems to be associated with a higher incidence of renal scarring and caliectasis. 2 Furthermore, contrary to previous belief, the use of an indwelling catheter does not necessarily result in a constantly low intravesical pressure. 3 In fact, there is urodynamic evidence that phasic detrusor contractions persist despite chronic catheterization and that such situations have an association with increased renal scarring. In light of this evidence, we have studied our population of patients with SCI with evidence of renal scarring in order to determine whether the development of such scars constitutes a solitary event or is a progressive process in the affected renal unit.
Patients and methods
The study population consisted of all patients with SCI at the Pinderfields Hospital Regional Spinal Injuries Unit. The criterion for inclusion in the study was the demonstration of persistent renal scarring on upper urinary tract imaging in SCI patients in whom provisional renal imaging at the time of injury demonstrated no evidence of scarring. In total, 27 patients were eligible for the study. The mean age of the patients was 61.5 years (range 38-84 years). Patient's demographic details are summarized in Table 1 . There were 13 cervical cord injuries, 12 dorsal cord injuries and two lumbar cord injuries, with renal scarring in 32 renal units. Renal imaging was by regular IVU up until the late 1980s, after which annual ultrasonography became the investigation of choice for the detection of renal scarring. The sensitivity of renal ultrasonography when compared to dimercaptosuccinic acid scintigraphy (DMSA) is acceptable 4 and in SCI patients ultrasonography is a reliable method of renal scar detection. 5 The time interval between the occurrence of the spinal injury and the detection of the first renal scar was recorded. A scar was considered to be persistent if it was unequivocally demonstrated on at least one future subsequent imaging study. The appearance of additional scars or diffuse scarring within a renal unit was recorded as being indicative of progression of the scarring process, provided such progression could be demonstrated on future imaging studies. The main method of bladder drainage for each patient was recorded as either involving the use of an indwelling catheter for a continuous period greater than 50% of the time (urethral or suprapubic) or free of an indwelling catheter (voiding on urge, CIC, condom catheter drainage, urinary diversion).
Various independent variables were analysed to assess their influence on the occurrence and progression of renal scarring. These included patient's age, level of spinal injury, method of bladder drainage and interval between spinal injury and detection of renal scarring. Analysis, where appropriate, was by the Student's t-test or Fischer's Exact test with a level of Po0.05 taken for significance.
Results
A total of 54 renal units in 27 patients were examined, with a mean follow-up period of 19.1 years (range 4-38 years). In these renal units, there was evidence of scarring in 59.3%, which was not evident at or soon after the time of the spinal injury. Of the renal units with scarring, 84.4% were static in nature with only 15.6% demonstrating progression of the scarring process (Figure 1) .
There was no difference between the ages of the patients demonstrating static scarring and those with progressive scarring (mean 57.8 versus 57.2 years, respectively). The level of SCI was evenly distributed between cervical and thoracic injuries, with only two lumbar injuries ( Table 2 ). The mean time interval between the SCI and the development of renal scarring was 13.0 years (range 1-33 years; Figure 2 ). There was no particular correlation between the occurrence of renal scarring and the time interval between the SCI and the development of the scarring (Figure 3) . Two deaths occurred during the study period: one from myocardial ischaemia and the second from late-stage bladder cancer. There were no deaths attributable to renal causes.
The patients with static renal scarring were equally distributed between the catheter free and catheterized groups (Table 3 ). However, all the patients with progressive renal scarring used indwelling catheterization as the main method of bladder drainage, although no significant positive correlation between catheterization and progressive scarring was demonstrated. Of the 5 patients with progressive scarring, no vesicoureteric reflux was demonstrated on videourodynamics.
There was no evidence of either renal calculi or persistent hydronephrosis in any of the renal units with 
Discussion
Renal scarring in patients with SCI is secondary to a multifactorial process. An indwelling catheter is associated with bacteriuria in more than 90% of patients within 4 weeks of its insertion. 6 Furthermore, in the SCI population, the presence of an indwelling catheter increases the risk of renal scarring and injury as demonstrated by long-term studies, 2,7 although some studies have not been able to find a correlation between catheterization and renal scarring. 8 Vesicoureteric reflux also has a role in the pathogenesis of renal scarring. In children with neurogenic dysfunctional bladders, the risk of renal scarring has been found to be greater in those with reflux and asymptomatic bacteriuria than in those with bacteriuria alone. 9 Vesicoureteric reflux in the SCI population is low however. 10 A further factor associated with renal scar formation is the presence of neurogenic bladder dysfunction. Urodynamic studies have found that the presence of phasic detrusor contractions is associated with upper tract dilatation.
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Such high-pressure phasic contractions occur even in the presence of an indwelling catheter. 3 In the paediatric population with renal scars associated with reflux, the incidence of new renal scars diminishes with age. However, irrespective of age, after the appearance of the initial renal scar, the development of further new renal scars is limited. 12, 13 The International Reflux Study in Children reported that in the two arms of the study examining new and progressive scar formation in surgically and medically managed reflux in 321 children over a 5 year period, new scars developed in only 10% of children with pre-existing renal scars. 13 Longer term studies have followed the progress of renal scars detected in children into adulthood. In one particular cohort, no new renal scars after puberty were reported in 226 adults who had vesicoureteric reflux as children.
14 This has led to the proposition that maximal renal injury in children with reflux occurs with the first episode of upper tract infection. 15 Few studies have examined the nature of renal scarring in SCI patients. In our study, only 15.6% of patient who developed renal scars demonstrated further progression of the scarring process. This seems to be in concordance with the findings in the paediatric population with reflux and renal scars. Also of note is the finding that although the use or nonuse of indwelling catheterization was evenly distributed in the group of patients with stable renal scars, all those with progressive renal scarring used indwelling catheters as their method of urinary drainage and none demonstrated reflux on their urodynamic studies. This did not reach statistical significance possibly because of the low number of patients in this group.
Conclusions
Renal scarring in a patient with SCI can occur many years after the injury to the spine, but when it does occur it is unlikely to be a progressive process. The vast majority of scars occur as a single event. However, when there is progression of the scarring process, there is a possibility that it may be associated with long-term catherization. Therefore, until further data become available, it may be more appropriate to target closer radiological surveillance of the upper urinary tracts to those patients with a renal scar who have an indwelling catheter. 
